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Tutorial Introduction

Abstract: The objective of this research is to develop novel inhomogeneous
lens antennas for NASA next-generation spaceborne wind scatterometer
weather radar satellites that will be integrated with JPL’s ongoing and future
missions. The proposed lens will create the desired spinning spot beam all
electronically while avoiding moving parts and will replace the existing
rotating parabolic reflector which is prone to failure through mechanical
wear. UCLA has completed the development of a mature and powerful
software package for the design of shaped, inhomogeneous engineered
material lenses. This software is based on a novel linkage between Curved-
Ray Geometrical Optics, a numerical method for wave propagation in
inhomogeneous media, and Particle Swarm Optimization, a global
stochastic nature-inspired optimization technique. Extensive efforts to
validate the software have shown that the software is accurate and hence
capable of developing next-generation lenses. This project leverages
UCLA's recent development of the revolutionary new lens design synthesis
package to develop antenna technology that directly addresses the latest
Earth Science thrust for technology developments that enable new low-cost
mission concepts. This project concentrates on new designs that are

fabricated using the 3D-printing technology as well as new thin and |

lightweight lenses that are fabricated using metamaterial-based fabrication
techniques.
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Problem Description

Why is Wind Scatterometry Important? NSCAT 1996 - 1997 Six stick-like Solar Panel
antennas Failure
How Climate Change May Be ) ]
Impacting Storms Over Earth’s QuikSCAT 1999 - 2009 Rotating Mechanical
Tropical Oceans reflector failure
NASA 4t Propution Laborsory i
: — ADEOS Il 2002 - 2003 Rotating Solar panel
Satellite Viewing Geometry reflector failure
ey I Source/Receiver . .
RapidScat 2014 - 2016 Rotating Space station
— RADARbeam reflector Power failure

*No future NASA scatterometer mission has been planned. This is a good time
for the development of next-generation scatterometer technologies.

Hurricane Lorenzo moving through the eastern North Atlantic Ocean, as seen from NASA's Terra sateliite. Credit: NASA J PL
NASA Worldview, Earth Observing System Data and Information System (EOSDIS).
2018
NASA ¥ i igh wi
%. High winds anq rough Calm Flat Ocean Technology
Scatterometers . sea: stronger signal Returns No . )
returned Reflection H |gh||ghts
Wind Causes Surface
Waves to Pick Up
The wind velocity is measured
by emitting a pulse of energy “New Earth-observing satellites will require multi-band, electronically
towards the ocean and scanned antennas to replace mechanically steered beams that are
measuring the echo. prone to wear and have limited lifespan.”
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Methodology «-

Conical Electronic Scanning Lens Development

Alternate Solution:
Spherical Luneburg
Lens with ring of

3D Printed Lens
Low cost lens

technology with
ring of feeds.

Multi-layer Membrane
Flat-layered, potentially
collapsible meta-lens
with ring of feeds.

Current Solution:
Parabolic Reflector
mounted on a

mechanical motor. feeds.

BT R

%

BT R

No moving parts. No moving parts.

Moving parts. No moving parts.

Lens Synthesns Algorithm

Geometrical Optics (GO)
Ray Tracing Analysis

What is the
optimum lens shape
and inhomogeneity?

Fitﬂess I__enslﬂgape and
inhomogeneity

Particle Swarm Optimization
Nature Inspired Optimization

Synthesis
Loop

/

Best Lens
Design
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Results
3D-Printed Lens Off Axis Results:

UCLA PSO-GO
Optimized Lens

JPL 3D Print .
CAD Model JPL 3D Print

Scanning Lens Azimuth Scanning Lens Elevation
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Measurements successfully demonstrate conical scanning
lens capability

Next Steps: Optimize conical scanning lens for thin, low

A

30

mass Titanium Oxide artificial dielectric 3D print material.

45

Meta-Flat-Lens On Axis Results:

UCLA Range
Test
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Patch
Antenna
Feed
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Lens layers were printed on commercially available Rogers
dielectric substrates.
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Far-fields (dB)
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Next Steps: a) Tensioned membrane mechanical
design b) optimize for off axis performance.
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